Background. Epidural catheter insertion for labour analgesia is an invasive procedure with potential serious complications, often performed by a sleep-deprived clinician. The aim of this study was to examine the effects of sleep deprivation on physicians of variable levels of experience performing this procedural skill in the clinical setting.
Sleep deprivation due to extended work hours and circadian rhythm disruption has been called the Achilles' heel of the medical profession. 1 In the USA, the highly publicized death of an 18-yr-old female, which was partially attributed to trainee fatigue, 2 led New York State to initiate an 80 h work week. The proposed relationship between fatigue and medical error has been the impetus behind the legislation limiting resident and physician work hours. In 2002, the Accreditation Council for Graduate Medical Education mandated an 80 h work week nationally for residents in the USA as part of national guidelines regulating duty hours for all physicians in training. 3 Within Canada, there is currently no national work hour restriction legislation in place for trainees or practicing physicians. Opponents to the work hour change have focused on loss of clinical exposure, decreased practical training opportunities, and decreased continuity of patient care.
There are a variety of industries in which the effects of fatigue on human performance are well documented (i.e. transportation and aviation). 4 5 Laboratory studies of physicians have supported the results from other industries indicating the adverse effects of sleep deprivation on performance. However, when the effects of sleep deprivation on individual physicians are investigated in either the simulated or clinical environment, the results are inconsistent with the epidemiological data. Possible explanation for this discrepancy includes individual variability in sleep need and performance, and inadequately powered studies.
Literature on the effects of sleep deprivation anaesthetists is primarily from survey reports and simulation studies. 6 -11 Survey reports of anaesthetists have revealed that many practitioners perceive fatigue as a major risk for patient safety. 12 Data collected from critical incident reports in Australia from 1987 to 1997 found that fatigue was a causal factor in 3% of critical incidents. 13 Early simulation studies of anaesthetists using psychomotor reaction time tasks and simulated driving tasks have revealed inconsistent results. 14 15 A recent study set in a realistic simulation environment studied the effects of acute sleep deprivation on resident clinical and psychomotor performance, subjective and objective sleepiness, and mood. 11 The results demonstrated that although psychomotor measures of performance and mood were impaired, clinical performance remained unaffected. The connection between these artificial tasks and high-stakes clinical situations has not yet been established. In order to elucidate the effects that sleep deprivation has on individual performance, studies set in the clinical environment are required.
The purpose of this study was to investigate the effects that sleep deprivation has on the clinically relevant complex task of labour epidural insertion, and determine whether physician experience attenuates these effects. Labour epidural catheter insertion is a complex procedural skill that anaesthesia residents must master during their training. Epidural needle and catheter placement require a multitude of procedural skill components, all of which need to be meticulously performed with a high degree of attention. 16 This study compared performance of labour epidural placement within each group (rested and sleep deprived), and between the groups (different levels of experience) using a quantitative hand motion analysis device (Imperial College Surgical Assessment Device, ICSAD), a previously validated checklist (CL), 16 and a global rating scale (GRS). 17 This study represents a first report comparing the effects of sleep deprivation and level of experience on anaesthetists' ability to perform a complex procedural skill set in the clinical setting.
Methods
After institutional review board approval (Mount Sinai Hospital and St Michael's Hospital, Toronto, Canada) and informed consent, residents and attending anaesthetists were recruited to participate in the study. Three groups of physician subjects were recruited: novice residents, experienced residents, and attending anaesthetists. Physicians were observed in two states: rested and sleep deprived.
Work hours of attending and resident anaesthetists at the two participating institutions were similar. A normal day shift begins at 08:00 h and terminates at 17:00 h. A night call shift begins at 17:00 h and ends at 08:00 h. Night call at the two institutions is typically busy requiring both the resident and the attending anaesthetist to be awake for the majority of the night. This was quantified by having the subjects wear an ActiGraph TM . At the two participating institutions, anaesthetists do not work when they are post call.
The novice group consisted of anaesthesia residents who had performed ,30 labour epidurals independently at one of the participating institutions. The current standard of care at our institutions is that novice residents receive didactic lectures on labour epidural insertion, then observe five labour epidural insertions, and then perform five labour epidurals with a gloved attending anaesthetist observing. The residents then perform the task independently. The experienced resident group was composed of anaesthesia residents who had performed more than 100 epidurals. This was described in the literature as a level of experience in which the learning curve for epidural catheter insertion reaches a plateau. 18 -20 The attending anaesthetists were obstetrical anaesthetists at Mount Sinai Hospital, Toronto, Canada, and had performed well more than 500 epidurals. There were no exclusion criteria for physician subjects.
Informed consent was obtained from all parturients before participation. In order to control for technical difficulty, parturients were excluded from the study if they were morbidly obese (BMI .35), possessed spinal deformities, or if they were unable to sit relatively motionless for the procedure due to excessive labour pain.
During a 4 month period, all subjects were observed once in each state: rested and sleep deprived. For the labour epidural, parturients were positioned sitting up. A midline approach was used between the L2 and L4 interspaces. An Arrow w 17 G epidural needle and catheter set was used at both hospital sites (Arrow, Reading, PA, USA). In order to control for fatigue and workload factors, rested measures were performed between 08:00 h and 12:00 h during a labour and delivery day shift. Sleep-deprived measures were recorded between 04:30 h and 08:00 h during a night on-call labour and delivery shift. A night on-call labour and delivery shift is from 17:00 h to 08:00 h. Subjects were asked to refrain from drinking caffeine after midnight before their sleepdeprived measure. In order to minimize testing effect, the order of the sleep state observations was randomized.
Sleep deprivation was measured by the Epworth sleepiness scale (ESS). Immediately before completing the labour epidural in both sleep states, subjects completed the ESS as part of a patient characteristic questionnaire (Appendix 1). The ESS is a validated subjective measure of a subject's perceived general daytime sleepiness, and asks respondents to rate their likelihood of falling asleep in eight common scenarios on a three-point scale. Higher ESS scores reflect a greater degree of sleepiness. 21 22 Before their sleep-deprived observation, sleep deficit was also confirmed by number of hours slept using the quantitative ActiGraph TM (ActiGraph, Pensacola, FL, USA). ActiGraph TM data were analysed with ActiLife TM Software (ActiGraph). Subjects were given the ActiGraph TM at the initiation of their on-call shift and were instructed to wear it on their wrist at all times and only remove it for sterile procedures. The data from the ActiGraph TM were collected from 17:00 to 08:00. At analysis, if subjects obtained more than 4 h of sleep by ActiGraph TM , that measurement was excluded, and another observation was attempted.
Two separate recordings were made during each observation: a videotape recording and an ICSAD recording. The video recording started with the participant optimizing the patient position for the procedure and the ICSAD recording began with the local anaesthetic skin infiltration. Both recordings were stopped when the epidural catheter was secured in place. Videotaping was performed by one the authors (M.A.H or B.B), using a Canon ZR400 digital camcorder mounted on a tripod. Videotaping was done in a manner ensuring proper masking for the assessors of the sleep state, identity, and level of training of the subject. Blinding was achieved by having the subjects wearing sterile gowns and gloves, and by videotaping the subjects in such a manner that their head was not recorded for the procedure. Although audio was used, the assessors were from different hospital sites and were not aware of the identity of the subjects. The authors involved in videotaping the procedures were not involved in the grading of them. Before each observation, subjects had the ICSAD probes applied to the dorsum of each of their hands after hand washing and an alcohol rub. The probes were secured to the dorsum of each hand with an Op-site TM . A sterile gown was then donned followed by sterile gloves over the ICSAD probes.
Success of the epidural was measured in terms of achieved loss of resistance to air or saline followed by the catheter placement. A single attempt at epidural catheter insertion was defined as one needle insertion with redirections as long as the needle did not exit the skin. The attempt was considered a failure if the subject was not able to achieve loss of resistance after three attempts, if they required assistance from another anaesthetist, or if there was a dural tap. Adequacy of analgesia was not a defined endpoint due to the subjective nature of labour pain.
At the end of the data collection period, the sessions were copied from the camcorder to DVDs with a unique identifying number in a random order, without any subject labels, before being assessed and graded. Two independent examiners from different centres blinded to the level of experience and sleep state of the subjects evaluated performance using a previously validated task-specific CL and a GRS. 16 
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Assessment of labour epidural placement
Three assessment tools were used to evaluate the performance of each subject in the insertion of a labour epidural catheter: the ICSAD, a task-specific labour epidural CL (Appendix 2), and a seven-domain GRS (Appendix 3). The ICSAD was utilized to provide a purely objective measure of hand motion efficiency.
The ICSAD is a motion analysis device designed for the investigation of hand movements in surgeons. It uses an electromagnetic tracking system (Isotrak II; Polhemus Inc., Colchester, VT, USA) consisting of an electromagnetic field generator and two 10 mm sensors that are attached to the dorsum of each hand at the mid-shaft point of the third metacarpal. 23 An Op-site TM followed by surgical latex gloves secured the trackers and provided an aseptic condition for the placement of the epidural catheter. Robotic Video and Motion Analysis Software (ROVIMAS) retrieves the time-stamped Cartesian (X, Y, and Z) coordinates at a resolution of 1 mm and frequency of 20 Hz. Hand movements are defined by changes in hand velocity. The ICSAD tracking device processes the Cartesian coordinate information and produces values for total distance moved by each hand, number of movements, total time, and average hand velocity. ROVIMAS then collates the raw data and extrapolates them into three discrete dexterity scores which are (i) number of movements made by each hand, (ii) the distance travelled by each hand ( path length, in millimetres), and (iii) the total time (in seconds) taken to complete the procedure. A Gaussian filter of 16 standard deviations and a velocity tolerance level of 7.5 mm s 21 were used to eliminate background noise, so that only meaningful actions were registered as movements. 24 Construct validity has been established for different measurements produced by the ICSAD in open, laparoscopic, and micro-surgery. 23 -25 Within anaesthesia, construct validity has been established for the ICSAD in a neuraxial technique. 26 For example, expert anaesthetists take less time, have a shorter path length, and take fewer movements than novice anaesthesiologists to complete the task. The ICSAD has demonstrated to be sensitive enough to detect decrements in performance related to sleep deprivation. 7 The task-specific CL was previously validated and consists of 27 items rated on a three-point scale. 16 A score of 0, 1, or 2 was given when a stage was not performed, poorly performed, or performed well, respectively. The GRS consists of seven domains, each evaluated on a fivepoint scale with behavioural anchors and focuses on overall performance of the task, not the specifics of the manual task. The reviewers were trained on the five-point rating scale in order to decrease the subjectivity of these ratings. Despite the addition of objective criteria for evaluation, both the task-specific CL and the GRS retain a degree of subjectivity.
Statistical analysis
Statistical analysis was performed with SPSS 13.0 w (SPSS Inc., Chicago, IL, USA). The primary endpoints included the three ICSAD dexterity scores ( path length, number of movements, and total time), score on the task-specific CL, and score on the GRS.
A previous study on anaesthetists demonstrated an effect size of 1.6 standard deviations between rested and sleepEffect of sleep deprivation deprived measurements. 11 On the basis of this effect, we required a minimum of six subjects in each group to demonstrate an effect of sleep deprivation. Conservatively, we aimed to recruit eight subjects in each group. A two-tailed P-value of ,0.05 was considered statistically significant.
To answer our research questions, we analysed the data parametrically and submitted each of the five outcome measures to a two-way mixed design analysis of variance (ANOVA) with level of experience as (novice vs intermediate vs expert) a between-subject variable and sleep state (rested vs sleep deprived) as a within-subject effect. To test the effect of sleep deprivation on the task, we examined the main effect of our within-subject variable, sleep state. A main effect of sleep state would be interpreted as an overall loss of performance in the sleep-deprived state across experience groups. To explore the secondary question regarding the mediating effect of experience on decrements in performance caused by sleep deprivation, we examined the interaction of sleep state with experience. Significant differences between the groups were analysed using Tukey's post hoc test.
Although the individual scales that make up the GRS are clearly ordinal in nature, the overall scores from the GRS behave empirically as a parametric variable 27 and consequently we, like other researchers, 28 chose to use parametrical statistical analysis. Likewise CLs with a large number of items are suitable for parametric analysis. Consequently, all our primary endpoints, the ICSAD, CL, and GRS, were analysed parametrically using a two-way mixed design ANOVA. 
Results
Subject characteristics reflect attending and resident anaesthetist population at the University of Toronto (Table 1) . A total of 29 subjects participated in the study. Nine novice anaesthesia residents participated. One novice resident's ICSAD measurement was ineffective; however, their CL and global rating scores were included in the analysis. Eight experienced residents completed the study. Twelve attending anaesthetists participated in the study; however, the ICSAD was ineffective in one case and three attending anaesthetists failed to complete the study because a sleep-deprived observation was not possible during the allotted study period.
One (Fig. 3) .
The inter-rater reliability of the task-specific CL was excellent with an ICC of 0.86 (P¼0.013). Therefore, the mean of the scores of the two raters for the task-specific CL was used for analysis. There was no significant effect of sleep deprivation on CL by each group [F(1, 23)¼0.533, (Fig. 4) .
The inter-rater reliability of the GRS was excellent with an ICC of 0.98 (P,0.001). Therefore, the mean of the scores of the two raters for the GRS was used for analysis. There was no significant effect of sleep deprivation on GRS scores in each group [F(1, 23)¼2.911, P,0.101], and sleep deprivation did not show a significant interaction with experience level [F(2, 23)¼1.815, P¼0.185] (Fig. 4) .
Discussion
The primary objective of this study was to investigate the effect of sleep deprivation on the complex procedural skill of labour epidural catheter insertion in the clinical setting. We hypothesized that sleep deprivation would result in a decrement in the performance of this complex task when compared with the baseline rested state. Further, we postulated that novice residents who have not yet automated the task would be more susceptible to the adverse effects of sleep deprivation.
Our results do not support our initial hypothesis. During a night on-call, individuals were significantly sleep deprived as demonstrated by ESS scores in the range of pathological sleep disorders. 21 Despite the lack of sleep, as quantified by the ActiGraph TM , labour epidural insertion was not adversely affected by sleep deprivation, irrespective of the level of experience. The three ICSAD measures did not show a decrement in performance in the sleep-deprived state and the level of experience did not have any moderating effects on the effect of sleep deprivation. Further, data from the task-specific CL and GRS support the conclusion drawn from the ICSAD.
Our hypothesis that novice residents would show a greater decrement in performance when sleep deprived compared with the two more experienced groups was derived from the cognitive load hypothesis. This hypothesis describes experts as utilizing automatic non-analytic resources which they have obtained through experience. 30 These non-analytic resources or scripts that experts Effect of sleep deprivation possess decrease the cognitive effort required to perform tasks, and thus, increasing the cognitive processing capacity available to maintain vigilance with the added cognitive stress of sleep deprivation. In turn, novice residents who have not yet acquired the necessary scripts, due to inexperience, would be more susceptible to the effects of sleep deprivation. Therefore, we assumed that the added stress of sleep deprivation would tax the cognitive processing ability of novice residents and result in a greater decrement in performance in comparison with more experienced anaesthetists. Performance of psychomotor tests in the laboratory and simulated settings has documented the adverse effects of sleep deprivation on anaesthetists' cognitive and psychomotor abilities. 11 14 However, the effects of sleep deprivation on the performance of complex tasks in the clinical setting remain debated and unsupported by our findings. Despite the ease of administration of psychomotor vigilance tests and simulated patient tasks, their relevance to the clinical setting and patient safety is questionable.
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Virtual reality simulators have provided a wellcontrolled environment to investigate the effects of sleep deprivation on physicians on clinically relevant tasks. A simulation study investigated the effects of fatigue on anaesthesia residents in a realistic operating room simulator setting to determine the effects of fatigue on clinical performance, psychomotor tasks, and mood. 11 This study utilized a laparoscopic simulation case which was relatively straightforward requiring simple clinical interventions with objective outcomes. The results demonstrated that psychomotor tasks and mood were adversely affected by sleep deprivation. However, fatigue did not influence performance on clinically relevant simulated tasks. 11 The authors concluded that although the simplicity of the simulated case may have allowed for objective evaluation of performance, it may have negated the effects of sleep deprivation. 11 Future studies using complex clinical tasks may begin to elucidate the effects of sleep deprivation on clinical performance.
The current study used a labour epidural to assess the effect of fatigue on a complex procedural skill in the clinical setting. Labour epidural catheter insertion requires the clinician to maintain a high degree of attention, since any lapses in attention could have adverse events. Therefore, labour epidural catheter insertion provides a procedural surrogate to study the effects of fatigue on a complex procedural skill.
A potential explanation for the lack of observed performance decrement in the clinical setting is that the environment of labour epidural insertion is highly motivating for the physician. Physicians are able to perform this highly motivating task equally well sleep deprived when compared with their baseline rested state because task motivation obviates the effect of fatigue. A second explanation for the lack of effect of fatigue on individual physician procedural skill performance in the clinical environment is that too many variables were controlled for. For example, our study eliminated complicating factors such as scoliosis and obesity that may be associated with a performance decrement when fatigued. A third potential explanation of the lack of effect of sleep deprivation on individual physician performance is that the current outcome measures available to medical educators to evaluate procedural performance in medicine are insufficient to detect the changes in performance associated with sleep deprivation. Although CLs and GRSs have been demonstrated to be able to distinguish between operators of different skill levels, they may not be sensitive enough to detect the small changes in individual performance associated with fatigue. Future studies on the effect of sleep deprivation and physician performance may benefit from the development of different outcome measures that focus on aspects in addition to dexterity in order to elucidate the extent of the effect of fatigue on performance. A final potential explanation for the lack of effect of sleep deprivation on physician performance is observation bias. All physicians were being observed which may have influenced their performance irrespective of the effects of fatigue.
There are several limitations to this study. The first relates to the subjects' rested state. Technical issues precluded the subjects from wearing the ActiGraph TM to document adequate sleep for their rested measurement; therefore, we did not quantify the number of hours slept before their rested measurement. Furthermore, the sleep patterns for physicians before their sleep-deprived measurement were also not recorded. Consequently, subjects' sleep patterns for the days before both their performances were not controlled for. Therefore, although the ESS confirmed the subjects as significantly more fatigued for their sleep-deprived measurement when compared with their baseline rested state, we cannot be certain that the subjects were truly rested in their control measurement. A second limitation concerns our choice of the ESS as the measurement tool to quantify the degree of sleepiness of the participants. The ESS is validated to measure the degree of daytime sleepiness in several common daily scenarios and has been validated to correlate with the multiple sleep latency test. 21 In retrospect, perhaps a more appropriate test would have been either the visual analogue scale or the Stanford sleepiness scale (SSS). Both of these scales are designed to measure how a subject perceives their degree of sleepiness at a particular instant in time. This is in contrast to the ESS which measures an individual's general level of sleepiness. However, the ESS was selected for its correlation with the MSLT and because it does measure a general degree of sleepiness, it may have identified subjects who were not adequately rested for their rested measurement. A third limitation regards the sample size. The power calculation was based on the sleep deprivation and vigilance literature which demonstrates a large effect size. However, the effect of sleep deprivation on physician performance may be small which would necessitate a larger sample to detect an effect on physician performance. Finally, the outcome measures currently available within medical education may not be sensitive enough to detect changes in performances related to sleep deprivation.
Despite the interest in the effects of sleep deprivation on medical education and physician performance over the past two decades, the impact that sleep deprivation has on physician performance remains vague. Our study explored the relationship between the effects of sleep deprivation and experience level on procedural skill performance and found that performance was not impacted by sleep deprivation irrespective of experience. Our controlled environment failed to show an effect of sleep deprivation on individual performance, which highlights the multiple factors that interact simultaneously to impact performance. Future research into the effects of sleep deprivation on clinical performance may benefit from sample sizes sufficiently powered to account for individual variability in performance and a research design which utilizes outcome measures better suited to detect the effects of sleep deprivation on individual performance.
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